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Linnons stirving was emplovell aud the ranetion wis canried mn
in o ees =alt bathe The mixire was ponred o 100 ml of iee
and waner with sthrring, Alter stimsding overnight, the prodnets
went: dsolanml s sudids o as oils whivh eras=tallized on =tanding.
Necrystallization gave the romponnds listed i Table 1. Te
addition G shese vamponmnls =everal koown cotnpoundst of 1his
ivpe were prepaved by the =nme nocedinre. Altemately the
paeirline was andded <lowly oo a enpled mixtare of the aniline an!
p-toloenesnllony! ehiloride.

N.N-Bis(2-fluoroethyllanilines iIl).-- A mixture of .01 nnhe
e NUNGDiRO2-p-tolhenesullonyvloxyvethylaniline ¢V and 0.1 mole
of anbyileons K o approximately S0 ml oo anhydrons <olvemn
was leeed on a0 stemn hath with =tiriog tor 424 Toe The
renvtion mixvie wis conled and, atter renoval of any preeipi-
vater]l potassinin tosylate ponved into 20001 ol ee water. Al
~tanling the prodare was obinined Dy filiration o extraction,
The componnds reported in Table TI were ihen ubtaived by
recrvstallization,  distillatioi. o abmuinag ehromatography
Wl the solvent vzed was wethanol, ethanol, or 2, 2%-0xvdieth-
avnl pueoduets of the tvpe inelnded] 1o Table TIT were snnerime«
olmed, Wil DA ax solvent, VIR = 3-17) gave mapholine
No bhp 1001057 .2 g, in 6670 viehl.  The hyvdroehlovide
of XLzl mp 1661672 1o acetone-ether .

Arads Caled Toor CullpCIFNO: O, 53505100 11 3050 N, 6.4
ClLor6a2 Fomd: 085250 1L AST N, 6.5 CL 1651

Alzo with DM a= =alventand ViV = 2-CLy oo nuepholive, hp
FO2--105° 7003 ko was abtained f00 507, vield, This material
solililiend, wop 62-54°.

Aual, Caled for CullpCINO: o 60.7a0 11, .00 N, 710
CLI=0as Foond: €, s086: 11 50940 N, 7,060 CL 17,75,

The hyvdvochloride had mp 134=146° drom aretone—ether).

daals Caled fov CullaCLNO: 0 a1a0: 11, 5,500 N, SN
ClLoaes, Foand: C,A1.280 11 5.62: N, 5.05: CL, 20,140,

Lo addition to the procedire uoted above ITTV1 = 1L and It =
AClH oy was also prepaved ax Tollows. A mixtire of 21.8 g (0.1
nle ol NON-bise2-chlomethy Tniline £1VG in 250 ml ol absolite
trethanel mel 38 g oL ke s ol anhydrons K was vefluxed with
stirving o S Liec The wixtire was conled to room temperatire
and ponved with <tirving eto eold water. The mixtire was ex-
tracted with CHCT ol the deied exiraet was distilled 1o give
70 vield ol a produer, idenieal with that prepaved by the above
provedure and inelnded i Table 11

N-ip-Toluenesulfony])-N-:2-hydroxyethyl)aniline ( XIII).--T
AT et nled ol 2-anilinoethanol (XITY was added, in one
hateh with conling, 20005 g (011 molel vl p-tolhenesnifonyl
chlovide.  The mixnive was <tirred tor 10-15 min. To the cold
mixture was then addell dropwise with <tirring 53 ml of pyridine.
The mixtnre wias allowed too<tie for S0-60 min i anice bath and
then poneel wish vigorons <thing inio erashed ice. The thivk
paste obaained was dissolved inavetane and preeipitated with
anhvdrns ether toogive sopiantitative viehld, mp 71-73°,

el Caled tor CollsNOgS o ) 61N 1L 38R0 N, 481
Fransd: ¢o 02010 1, 5800 N, 105,

N-ip-Toluenesulfony]| )-N-i 2-)-toluenesulfonyloxvethyl)ani-
line 1 XIV ), Use ol 410 @ 1022 mnler of patolhenesnlfony]
~hlovide o ihe above =eiqnence gave a solinl which was rerryv=tal-
lizedl fromn methanol 1o give the produet, p 120-122° 4 ba®,
viell, Reerv=aiallizaton Trowe wethanal gave aterial, np
125 1260,

Apels Caled G CullaNOgsa C) 500500 11 5200 N, a4
SO Foand: € 500050 TE 5,000 N, 30120 8, 1455,

N-(2-Fluoroethy!l)-N -/ p-toluenesulfonyl)aniline (XV ;.- - A mix-
tre ol 9.0 gz (002 mole) of XTIV and 5.8 g 0.1 mole) ol anhydrons
K 1 50l ol DATE was vefluxed Tor 48 T The mixanre was
filvered, conled, andd ponved fnto colll water to give the prodoet s
ao~olit, The <olid was dis=olved inoeotd methanol and dilntion
with water gave the produet, ip 73--74°, 100517 yield.

dad, Caleld Toe CullgENO S Co 614 T 540 N, 477,
ool Coal42: 11 56580 N, 4004,

N.i y-"T'oluenesutfonyl)-N-(2-hydroxyethyl-o-toluidine (XVII}.

Using NV ol ane equinmoloe gquantiiy of p-tomenesnlfonyl
chlorile as desertinad in the prepavation of XITL this ecompound
wa~ abtained o quuotitative  viell. Receysiallization Teon
rvelnlhiexane gave oo=olid, vip 770705

Aris Cnlied B Cll LaNON ) 62020 1L 6270 N, B3,
= omat Pooneds Con2000; T a2 NG 4HT60 R 1060,

N-i 2.Fluoroethyl)-N-! p-toluenesulfonyl j-o-toluidine ( XIX .
Useoodn NAT o] pevadnenesallony] ehloyide bea 201 molne matio
tis eseribed] Ton the preparation of XTIV gave aogmannitative vield
U crnede prodoet whieh was e vellixal e methanol witl

Vol 10
aunhivirons I cgive vhe peothies s o £ 0380 cho avetone
ther .

A Cales] Ty COLINOQLS S 06200 T 500 N, LG
I 0t Ieneds U0 622x0 11 565 N 1o

t-Hydroxy-2-butanoie Thioseniicarbazone,

a Poterdial Anticancer Agent
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The high antimyenbneterial activity of p-nectamino-
benzaldehyde thiozemicarbazone reported by Domagk!
stimudated vavious workers ta prepare numerous thio-
semicarbazones as potentinl amtimicrobial,®* mntiviral,?
antifungal,® and anticaneer ngents”  For several venrs
we have syuthesized snd studied the effect of 0 number
of thiosemicarbazone derivatives as potential chemao-
therapeutic agents. The results have indicated that
certain  aliphatie  thiosemitcrbazones  may  posscss
abticancer activity /n i This report deseribes the
syhthesis, purification, chemieal and physical properties,
and tests for acute toxicity of d-hydroxy-2-butanone
thiosemicarbazone a2z o patentinl antieaneer  agent
against Lewis Tung carcinomn i BDET mice. Studies
with the compound reported herein have shown that
it has an effect against thiz tumar.

Ixperimental Section

4-Hydroxy-2-butanone Thiosemicarbazone.--A Lot =ulntion of
thiosemicarbazide (9.1 «, 0.1 mole) in distilled water {150 wl)
wis added to o mixtnre of S8 o000 mole) of 4-hydroxy-2-biua-
none and 3 il of glacial aeetie aeid i ethanol CTOG ) and the
resulUng mixture vefluxed for 3 he, Alter rooling, the in=oluble
condensation produer was filtereld, washed with water and petro-
lemm ether (hp 30-0075, and drvied. The prodoet was porifiedd
by recrystallizing twice frov 7070 erhanol to give o 90" yiell
of =hiny white cry=tals, mp 1421457,

Anal. Caled for CoHN;OS: Oy 07240 1L s N, 206,07,
Fomnd: C, 36990 11, .50 N, 26.01,

Toxicity and Antitumor Studies. Arnte toxicity studies were
perforimed in the BDF =ieain ol mive o= mainiained at the Na-
tional Institntes ol ealth, Buthesda, ML, aceording to o pro-
redhirve deseribed previms=ly.® This <teain of miee was also nsedd
i the mntithmor =tudies. Al ol ihe amimals tolerated 500 mg/ku.
The connpond was tesveill Teer antinme aetivity against fonr
oy systems, Savevma 1SO0 Donning aseites Tenkemia, Len-
kenia 1210, and Lewi Inug vaveinona by =rveeners inder von-
et o the Caneer Chenntherapy Nationnl Servive Centinr,
The testing procedires anployed Tave been deseribed previonsly

VU Gl Dok, R Geingsels U Mieizens wod (00 Svbobde, Nafnreds-
atuseinafter, 838, 313 1R
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The compound was not active in the first three tinmor systems,
Table I lists the antitimor testing data against Lewis bg car-
cinama, supplied by the CCNRC.

TaBLe I
ANTITI MO ACTIvity oF 4-HYDROXY-2-BUTANONE
THIOSEMICARBAZONE MaAINsT LEwis LuNg Cakcivosy

Av weight AV tumor

Dose, cliange, g. wt, mg,

mg, ky Survivors® T/C T/C T/C, %
401 3/6 —2.3 429/943 45
400 4/6 —5.1 478 /1398 34
400 3/6 —1.5 648 /811 9
400 4/6 ~2.0 613/1404 43
400 3/6 —5.0 620/1010 61
400 5/0 —4.2 982/1957 50
400 /6 —2.2 480 /1086 44
100 4/6 —1.4 954/1440 66

“BDFI mice

VIII.

Acylaminomethylamides

The 6-Deoxytetracyclines.

MicHAEL J. MARTELL, JR., ApMA S, Ross, AND
JaMmEs H. BooTHE

Organic Chemical Research Section, Lederle Laboratories Division,
Awmerican Cyanamid Company, Pearl River, New York 10965

Recetved October 15, 1966

Although the facile conversion of the 2-carboxamido
group in the tetracycline series into a nitrile by means
of an acid chloride, such as benzenesulfonyl or methane-
sulfonyl chloride in pyridine has been known for sonie
time,! only one reaction has appeared which utilizes
the nitrile.? Inthat case the Ritter® reaction proceeded
in a concentrated sulfuric acid-acetic acid mixture
on 7-chlorotetracycline nitrile itself with isobutylene
giving as products 2-carboxamido-N-{-butylanhydro-
chlortetracycline and the 9-t-butyl-t-butyl anhydro-
amide. These compounds have been recently photo-
oxidized* by the method of Scott and Bedford.?

We now wish to report the reaction of 2-decarboxam-
ido-2-cyano-6-deoxy-6-demethyltetracycline (I) with
N-hydroxymethylimides or N-hydroxymethylamides
to give acylaminomethylamides (IT and IIT) (Scheme
I).
The reaction of nitriles with N-hydroxymethyl-
phthalimide in concentrated He.SO. was reported in
1947 by Buc® predating that of the Ritter reaction.?
The stabilized carbonium ion species involved is well
known and its reaction with aromatic nuclei (Tscher-
niac-Einhorn reaction) has been recently excellently
reviewed by Zaugg and Martin® as well as by others.?

(1) . AL lorhstein, C. R. Stepliens, L. 1. Conover, P. P. Rexna, R.
Pasternack, 1. N. Gordon, . J. Pitgrim, K. J. Brunings, anid R. B. Wood-
wanl, J. Am. Chem. Soc., T8, 5405 (1953); C. R. =Stepbens, L. H. Conover,
R. Pasternack, F. A. Hoehstein, W. T. Moreland, P. . Regna, F. J. Pilgrim,
K. I. Brunings, and R. 13. Woodward, <hid., 76, 3568 (1954); J. R. D.
MeCormick, N, M. Fox, L. L. Smith, B. A. Bitler, J. Reichenthal, V. E.
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2849 (1957).

(2)(a) C. R. Stephens, J. J. Beerehoom, H. H. Rennhard, P. N. Gordon.
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(3) J.J. Ritter and P. Minieri, J. 4m. Chem. Soc., 70, 4045, 4048 (1948).
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senpme 1

N(CH.)x
O‘ OH |
“ — RCONHCH.OH HS0»,
ons. X
OHO o O

[+ RCH,OH —

OH
“‘ NHCH.R’

OH
OHO OH 0O

III, R=CFs
R'=maleimido, phthalimido

The reactions of these substances with the aromatic
ring of tetracyclines are reported by us in an accom-
panying paper.

RCONHCH, <> RCONH—CH,

Thus, 2-decarboxamido-2-cyano-6-denethyl-6-deoxy-
tetracycline (1), when treated with 1 equiv of N-hy-
droxymethylphthalimide, N-hydroxyniethyltrifluoro-
acetamide,® or N-hydroxymethylmaleimide!9 in con-
centrated HoS0,, gave the corresponding substituted
amides in good yield which were readily purified by
liquid-liquid partition chromatography on neutral
(acid-washed) diatomaceous earth.

The nitriles such as T in the tetracycline series are
extremely resistant to hydrolysis, and extensive
epimerization at 4 and decomposition usually accom-
pany it.!'! The {-butyl-substituted anhydroamides
previously alluded to have been hydrolyzed to the un-
substituted amide by strong acid treatment. How-
ever, the acylaminomethylamides described above cau
be hydirolyzed much more easily than the nitriles from
which they are made. They are not, however, as easily
decomposed as are the ''Mannich” tetracyclines!®
IV which are readily hydrolyzed by even dilute acids.
These derivatives are easily formed from tetracycline,
formaldehyde, and a dialkylamine.

1V, R=alkyl

(7) . E. Zaugg and W. P Martin, Ovy. Reactious, 14, 52 (1065).
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